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Introduction
The size and shape of a neuron's dendritic arbor determines both the number of synaptic inputs it receives and its electrical behavior. During development, a simple dendritic arbor is generated, which subsequently becomes more elaborate through a combination of the extension and retraction of existing branches, and the addition and removal of new branches (Wong and Ghosh, 2002) . Since each neuron has a characteristic dendritic tree, intrinsic factors are likely important determinants of the initial dendritic arbor (Libersat, 2005; Wong and Ghosh, 2002) . Extrinsic factors are also certainly involved (Kim and Chiba, 2004; McFarlane, 2000) . For many neurons, electrical activity subsequently controls refinement and shaping of the dendritic elaboration (Bleckert and Wong, 2011; Wong and Ghosh, 2002; Zhang and Poo, 2001) . Whether the generation of primary dendrites and the first branches are also activity-dependent, however, is unclear because studies have generally focused on already established dendritic arbors.
Neural activity plays an important role in the development of neural connections in the visual system (Sernagor et al., 2001) . Reorganization of arbors of the retinal ganglion cell (RGC) axons within their targets (Schmidt, 2004; Torborg and Feller, 2005) , and the refinement of the dendritic arbors of both RGCs (Bansal et al., 2000; Lohmann et al., 2002; Torborg and Feller, 2005) and their target cells (Cline, 2001) , are all activity-dependent. The dendrite arbors initially formed by RGCs grow into the inner plexiform layer, where they are contacted by amacrine and bipolar cell processes (Sernagor et al., 2001 ). The primitive arbor is then shaped and refined. RGC action potentials (Wong et al., 1991) and afferent input to RGCs (Lohmann et al., 2002; Wong et al., 2000) likely direct different aspects of this later period of dendrite development.
Here, we ask whether membrane excitability is also important in the initial establishment of the simple dendritic arbor of newly born Xenopus RGCs. Xenopus is a useful model system in that the visual system develops rapidly, RGCs are accessible both in vitro and in vivo from the earliest stages of their differentiation, and morphological analysis is performed readily at a single-cell level (Hocking et al., 2008; McFarlane et al., 1996) . We misexpressed two different hyperpolarizing potassium channels to abrogate membrane depolarization of RGCs prior to and over the first day of morphological differentiation (Ehrengruber et al., 1997; Johns et al., 1999; Nitabach et al., 2002; Peckol et al., 1999; White et al., 2001) . RGCs were made to ectopically express a Xenopus voltage-gated potassium (KV), Kv1.1, known to hyperpolarize and limit RGC membrane excitability (Jones and Ribera, 1994; Williams and Sutherland, 2004) . We found that misexpression of Kv1.1 had no effect on the initiation of primary dendrites by RGCs, but significantly increased dendrite branching over the first day of in vivo development of the dendritic arbor. In support, misexpression of an inward rectifying potassium channel (Kir2.1) (Marek et al., 2010 ) also promoted RGC dendrite branching. These data argue that, in addition to the previously established role of electrical activity in dendritic remodeling, membrane depolarizations regulate the initial development of the arbor.
Results

Depolarization of RGCs blocks BMP-2 mediated dendrite initiation in vitro
In previous studies the importance of electrical activity in dendrite development in vitro was tested by chronically depolarizing cells with a high potassium medium (Hirai and Launey, 2000; Jin et al., 2003; Vaillant et al., 2002) . We took a similar approach as a first step in investigating a potential role for neural activity in the growth of Xenopus RGC dendrites. Xenopus RGCs start to exit the cell cycle at stage 24 (one day post-fertilization), initiate an axon at stage 28 and dendrites at stage 32-35/36 (2 days post-fertilization) (Holt, 1989) . To determine if membrane depolarization alters the RGC response to a known regulator of dendrite growth, bone morphogenetic protein (BMP-2) (Hocking et al., 2008) , we treated dissociated stage 24 sister cultures with control media or media containing BMP-2 for 40 h, in the presence or absence of 30 mM KCl. To identify RGCs, we used an antibody against neurofilament associated antigen (NAA), which labels RGC somata and their axons. In contrast, dendritic-like processes show little or no NAA immunoreactivity (Hocking et al., 2008) . In the absence of a positive dendrite marker (e.g. MAP-2) for these early retinal cultures (Hocking et al., 2008) , NAA immunoreactivity is useful at distinguishing RGC axons from dendritic-like processes. In control conditions, NAA positive RGCs grow one or two long NAA-positive axonal processes (Fig. 1A, B and I), with only a few cells exhibiting short NAA-negative dendrite-like processes. As reported previously, BMP-2 causes a significant increase in the percentage of RGCs with at least one NAA negative process over control conditions (Fig. 1C , D and I) (Hocking et al., 2008) . Depolarization of cells with 30 mM KCl blocked the induction of dendrite-like processes by BMP-2 (Fig. 1G, H and I ). These data argue that membrane potential can control a RGC's response to a known dendrite growth cue in vitro.
2.2.
Misexpression of potassium channels promotes RGC dendrite branching in vivo
We asked whether limiting membrane excitability of RGCs shortly after they become postmitotic affects the initial formation of the dendritic arbor over the first day of it's development: The generation of primary dendrites and their first branches. In Xenopus, the first RGCs (RGCs mature in a central to peripheral retinal gradient) initiate dendrites at stage 31/32, simple branches are present by the time their axons have reached the optic tectum (the first axons arrive in the tectum by stage 37/38), RGCs respond to changes in light by stage 39/ 40, and reliable synaptic transmission to tectal target neurons is established by stage 42/43 (Holt, 1989; Pratt and Aizenman, 2007) . To investigate the importance of membrane excitability we misexpressed a wildtype Xenopus Kv1.1 (WTKv1.1) channel subunit in developing RGCs (Jones and Ribera, 1994) prior to the induction of dendrites and through to when synaptic input is first being established (stage 39/40) (Chung et al., 1975; Witkovsky et al., 1976) . Previously, misexpression of WTKv1.1 in immature Xenopus spinal neurons and mouse CA3 hippocampal neurons was found to shorten the duration of the action potential (Jones and Ribera, 1994; Williams and Sutherland, 2004) , and decrease the response of the hippocampal neurons to depolarizing input (Williams and Sutherland, 2004 ). As such, we anticipated these channels when ectopically expressed in immature Xenopus RGCs would reduce the depolarization of the cells (spontaneous and those resulting from synaptic input). A CS2 plasmid containing WTKv1.1-myc was used to transfect stage 18 eye primordia (McFarlane et al., 1996) , with CS2GFP serving as control. We also transfected a construct encoding a dominant negative Xenopus Kv1.1 (DNKv1.1) channel subunit (Ribera et al., 1996) , which differs from WTKv1.1 by only a single amino acid in the pore region (a phenylalanine is substituted for a tryptophan). DNKv1.1 is not functional, and should dominantly inhibit the function of all Kv1 channel family members (Kv1.1-1.6). This construct partially or completely blocked the outward KV current in a subpopulation of cultured heterogeneous Xenopus spinal cord neurons (Ribera et al., 1996) . The WT and DN KV channels helped us assess the specificity of effects observed with WTKv1.1 channel misexpression.
Our transfection approach does not specifically target RGCs. Thus, to minimize the possibility that a RGC and its synaptic partners were both transfected, we chose for analysis retinas containing few transfected cells. This criterion allowed us to look at RGC autonomous roles of membrane depolarization, and to readily identify dendrites as belonging to a specific RGC. We first verified that the timing of RGC differentiation was not affected by WTKv1.1 misexpression, which could affect the extent of dendrite growth. We fixed embryos at stage 33/34, prior to significant dendrite elaboration, and asked whether similar percentages of transgene-expressing cells in the RGC layer labeled with an antibody for the transcription factor Islet-1: Islet-1 turns on as RGCs become postmitotic and begin to differentiate (i.e. to begin with not all cells in the RGC layer will express Islet-1). Regardless of the construct, a similar percentage of cells in the RGC layer are Islet-1 immunopositive (p = 0.67, Chi-square test; GFP, 47.1%, n = 17; WTKv1.1, 53.8%, n = 26; DNKv1.1, 61.8%, n = 34), arguing that the timing of differentiation is unaffected.
For dendrite analysis, embryos were allowed to develop until stage 39/40. Most RGCs initiate primary dendrites prior to this stage, however, the dendritic arbors are rudimentary, simplifying the analysis (Holt, 1989) (Fig. 2 and 3) . Importantly, the myc immunolabel appears to represent the true extent of the dendritic arbor, in that myc and GFP immunoreactivity are co-localized in the dendrites of RGCs visualized in frozen, transverse retinal sections. These data argue that the myc label appropriately reflects the dendritic arbors of the RGCs ( Fig. 2) . The arbors of WTKv1.1-expressing RGCs ( Fig. 3C and D) are generally more elaborate than those misexpressing either GFP (Fig. 3A) or DNKv1.1 (Fig. 3B ). For quantitation we measured a number of parameters, including the number of primary dendrites extended by the RGC and their average length, the number of branches, and the total length of the branches. The misexpression of either WTKv1.1 or DNKv1.1 in developing RGCs has no effect on the number of primary dendrites generated, or the length of the primary dendrites ( Fig. 3E and F) . These data support the Islet-1 data arguing that KV channel misexpression does not alter the timing of RGC differentiation. Misexpression of WTKv1.1 does produce more extensive RGC dendritic branching than in control: Both the number of branch points and the total length of dendritic branches are increased ( Fig. 3G and H) . In contrast, the dendrites of DNKv1.1-expressing RGCs are similar to those of GFP controls (Figs. 2 and 3). These data suggest both that the effect of WTKv1.1 misexpression is specific to it acting as a functional KV channel, and that the members of the Kv1 channel subfamily do not play a critical role in RGC dendrite development.
To provide further support for the idea that membrane excitability is important in the initial elaboration of the RGC dendritic arbour, we inhibited intrinsic membrane excitability by an alternate molecular means and assessed dendrite development. We transfected RGCs with a cDNA plasmid encoding a human inward rectifying potassium channel, hKir2.1, which causes membrane hyperpolarization and has been used extensively to quench the excitability of neurons (Hua et al., 2005; Yoon et al., 2008) . In particular, Kir2.1 was used to demonstrate the importance of neural activity in Xenopus spinal cord neuron differentiation (Borodinsky et al., 2004; Marek et al., 2010) , and zebrafish RGC axon arbour growth (Hua et al., 2005) . While multiple studies, including in Xenopus (Borodinsky et al., 2004; Marek et al., 2010; Pratt and Aizenman, 2007) , have used hKir2.1 as a blocker of neural activity, it was important to verify the effectiveness of both Kir2.1 and WTKv1.1 to block neural activity in Xenopus RGCs. We took advantage of a previous report showing a robust neural activity (i.e. light) dependent induction in embryonic Xenopus RGCs of the immediate early gene, c-fos (Lan et al., 2009 ). Eyes were electroporated at stage 28 with either CS2-GFP alone, or CS2-GFP along with either CS2-WTKv1.1-myc or CS2-Kir2.1-myc. Electroporations were required to generate sufficient numbers of transfected cells. The embryos were dark-reared and exposed at stage 40/41 (the endpoint of our dendrite analysis) to light for 90 min, and then immunostained with an antibody against c-fos. The percentage of cfos immunopositive GFP-expressing RGCs cells is increased significantly after light exposure in the control GFP retinas, but no similar increase is seen for GFP-positive RGCs expressing either the Kir2.1 or WTKv1.1 constructs (Fig. 4) . These data argue that both Kir2.1 and WTKv1.1 can successfully block activity-dependent events in developing Xenopus RGCs.
We then investigated whether, similar to WTKv1.1, Kir2.1 misexpression enhanced dendrite branching. CS2-Kir2.1-myc was electroporated into the eyes of stage 28 embryos along with CS2-GFP, and dendrite branching assessed in transverse cryostat sections of stage 39/40 eyes. We used CS2-DNKv1.1 as a control because of the lack of effect of DNKv1.1 on dendrite development (Figs. 2 and 3 ). Kir2.1-expressing RGCs have significantly more dendritic branch points than control DNKv1.1-expressing RGCs (Fig. 5A-D) . Thus, enhanced dendrite branching is produced by two separate manipulations (misexpression of the molecularly distinct Kir2.1 and WTKv1.1 channels) that based on previous literature are both expected to dampen membrane excitability.
The potassium channel misexpression data argue that neural activity negatively regulates dendrite branching. If true, we postulated that blocking a known downstream effector of neural activity, voltage-gated calcium channels, should increase dendrite branching. Certainly, voltage-gated calcium channels are known to play key roles in dendritic arborization (Chen and Ghosh, 2005; Konur and Ghosh, 2005; Lohmann and Wong, 2005; Wong and Ghosh, 2002) . To label RGCs, eyes were electroporated at stage 28 with CS2-GFP. Bath application of 200 lM NiCl 2 was then used to block low and high voltage-activated calcium channels (Gu and Spitzer, 1993) over the main period of dendritogenesis (stage 33/34-39/40). NiCl 2 application enhanced significantly the branching of GFPexpressing RGC dendrites over control (Fig. 5E-G) . 3.
Discussion
In this paper we provide evidence supportive of the idea that neural activity regulates the earliest growth of the dendritic arbor. To limit the excitability of Xenopus RGCs, prior to and during the initial stages of their morphological differentiation, the delayed-rectifier Kv1.1 channel was misexpressed in the cells. WTKv1.1 channel misexpression has no effect on the generation or timing of differentiation of Xenopus RGCs, or the initiation of primary dendrites. However, WTKv1.1 channel-overexpressing RGCs show increased dendritic branching, so that more elaborate arbors are produced. Importantly, similar results are obtained with misexpression of the inwardly rectifying Kir2.1 channel, and both constructs block light-induced expression of the neural activity-dependent immediate early protein, c-fos. Together, these data argue that neural activity does not affect the number of dendrites initiated by Xenopus RGCs, but subsequently limits the initial production of branches.
Misexpression of potassium channels is a commonly used approach, in embryonic Xenopus neurons and other species, to reduce membrane excitability (Hua et Williams and Sutherland, 2004) . For multiple reasons we argue that these constructs similarly limit membrane depolarizations of developing Xenopus RGCs. First, we verified that both constructs block an activity-dependent process in developing RGCs, the generation of c-fos protein in response to a light stimulus. Second, the DNKv1.1 mutant channel does not alter RGC dendritic branching, despite the fact that it differs from the wildtype protein by only one amino acid, suggesting that it is the functional activity of the WTKv1.1 channel that is responsible for its effects. Third, we find a similar promotion of RGC dendrite branching by two molecularly distinct potassium channels, WTKv1.1 and Kir2.1, which have a known common physiological function of limiting membrane excitability. Finally, inhibiting a known downstream effector of neural activity, voltage-gated calcium channels, also stimulates dendrite branching. In combination, these observations argue strongly that the dendrite phenotypes arise from abrogating membrane depolarizations in embryonic RGCs.
WTKv1.1 misexpression has no effect on the numbers of primary dendrites, indicating that the earliest events of dendrite formation may be neural activity independent. The fact that membrane depolarization in culture inhibits the RGC dendrite initiation response induced by BMP-2, likely reflects the artificial nature of the chronic depolarization produced by high potassium. Our data suggest that the next phase of dendritogenesis, the generation of branches off the primary dendrites, is sensitive to the membrane excitability of the RGC itself. RGCs start to receive synaptic inputs at the end point of our analysis (Demas et al., 2012) , thus our data do not address whether the depolarizations result from synaptic inputs or intrinsic spontaneous activity of the RGCs themselves. Nonetheless, they do indicate that a RGC needs to establish tight control over its membrane potential to ensure that the initial dendritic arbor (first day of development) is of the appropriate size. The data indicate that if RGCs are too ''quiet'' they compensate by expanding the dendritic area . Schematics were generated directly from tracing high magnification images of the RGCs. Arrows mark the axons, white arrowheads the dendrites, and black arrowheads the dendrite branch points. (G) Graph showing the mean number of dendrite branch points for RGCs in control and NiCl 2 conditions. Numbers in brackets are the numbers of cells, pooled from two independent experiments. Error bars are s.e.m. ** , p < 0.01, un-paired, two-tailed student's t-test. Scale bar in A is 10 lm. IPL, inner plexiform layer; L, lens. over which they can receive synaptic inputs in order to maintain a certain basal level of neural activity. In support of this idea, the size of the dendritic tree of certain invertebrate neurons depends on the amount of afferent input; the neurons compensate for experimental manipulations that silence their response to pre-synaptic inputs by increasing the size of their dendrites (Singh et al., 2010; Tripodi et al., 2008) .
The window of homeostatic control for both Xenopus RGCs and Drosophila neurons appears to coincide with when cells first receive pre-synaptic inputs (Sakaguchi et al., 1984; Singh et al., 2010; Tripodi et al., 2008) . For Drosophila motor and brain seretonergic neurons the initial dendritic tree forms in an activity independent fashion (Singh et al., 2010; Tripodi et al., 2008) , while subsequent growth and refinement occurs as the first synapses form, and is activity dependent. Similarly, spontaneous activity in turtle RGCs appears after the formation of the initial dendritic branches and is required for the subsequent spread of the dendritic arbor (Mehta and Sernagor, 2006) . In Xenopus, the first RGC dendrites extend and branch prior to when the cells receive synaptic inputs (Holt, 1989) , though RGCs start to communicate with synaptic partners within the retina shortly after RGC axons reach the optic tectum at stage 39 (Demas et al., 2012; Holt and Harris, 1983; Sakaguchi et al., 1984) . In our model, we find that experimental approaches that dampen light-dependent responses of mature RGCs, when expressed in slightly younger RGCs, alter the basic dendritic arbor in favor of more complexity. Thus, we postulate that an early neural activity dependent phase sculpts the basic branching pattern of their dendritic tree, prior to and/or during the establishment of neurotransmission. A third developmental scenario arises with chick and mouse RGCs, where elaborate dendritic arbors are present prior to both the development of spontaneous action potential activity by RGCs and afferent input (Diao et al., 2004; Hering and Kroger, 1996; Vanselow et al., 1990) . Here electrical and/or afferent activity is likely not involved in the initial, general growth of the dendritic arbor, rather it may regulate the extension and stabilization of the fine terminal dendrite branches (Bansal et al., 2000; Lohmann et al., 2002; Wong et al., 2000) , and/or the formation of synapses (Kerschensteiner et al., 2009 ). Thus, the specific phases of dendritic growth controlled by electrical excitability is likely a species and neuron specific phenomenon. Cellular maturity also appears to be important in that activity first promotes and then subsequently inhibits dendritic growth of the target cells of Xenopus RGCs within the optic tectum (Wu and Cline, 1998) . Whether an opposite switch, from a stop signal early to growth promoter late, occurs for their pre-synaptic partners, the RGCs, remains to be determined. Of note, our manipulations occurred early, as RGCs are born and extend dendrites towards the inner plexiform layer. Because of the transient nature of the expression of transfected constructs, we would need to electroporate older stage 45 retinas (Haas et al., 2002) to address whether Xenopus RGCs show a similar dependence on neurotransmission for ongoing control of synapse formation as seen in mouse (Kerschensteiner et al., 2009) .
In the young RGC what is the mechanism by which a change in electrical activity alters dendritic structure?
Presumably membrane potential dependent intrinsic or extrinsic influences result in either initial changes to the actin cytoskeleton and/or long term changes in gene expression. For instance, electrical activity enhances neurotrophin-mediated stimulation of dendrite extension and branching (Jin et al., 2003; McAllister et al., 1996; Vaillant et al., 2002) . In this regard, brain derived neurotrophic factor inhibits the complexity of Xenopus RGC dendrites, but subsequent to the initial stages of dendritogenesis we studied here (Lom and CohenCory, 1999) . Thus, dampening membrane excitability may decrease the responsiveness of RGCs to a molecule that normally limits dendrite branching. Alternatively, membrane depolarizations of the RGC could directly modulate intrinsic dendritic growth mechanisms (Tripodi et al., 2008; Wu and Cline, 1998) .
Interestingly, the dnKv1.1 channel expressing RGCs exhibit normal dendrite branching, suggesting that members of the Kv1 channel subfamily do not regulate early dendrite arbor formation. Other kV channel subfamilies could be involved. For instance, Kv3.4 and Kv2.2 channels are expressed by Xenopus RGCs during the period of initial dendritic branching (Gravagna et al., 2008; Pollock et al., 2002) , and Kv2.1 channel subunits are associated with ryanodine receptors, known to regulate both intracellular calcium release and dendrite stabilization (Lohmann et al., 2002) . Co-expression of dominant negative mutants for more than one KV channel subfamily may help address this issue.
In summary, our data argue that neural activity has an important role in the development of the initial branched dendritic structures of some neurons. What role may depend on the relationship between when neurons become electrically active relative to where they are in the dendritogenesis process (Acebes and Ferrus, 2000; Libersat, 2005) . For Xenopus RGCs, membrane depolarizations likely come into play after the sprouting of primary dendrites, to determine the dendritic area over which RGCs initially receive inputs. In other species, further development of the RGC dendritic arbor invokes both voltage-dependent and voltage-independent activity mechanisms (Lohmann et al., 2002; Mehta and Sernagor, 2006; White et al., 2001; Wong et al., 1991; Wong et al., 2000) . Calcium signaling is an important mediator of afferent activity in dendritic rearrangements (Lohmann et al., 2002; Wong et al., 2000) , and, as suggested by our data, likely also participates in these earliest of dendritogenic events.
4.
Experimental procedures
Animals
Embryos were obtained from adult Xenopus laevis by using in vitro fertilization. Female Xenopus were stimulated by injection of 800 international units (IU) chorionic gonadotrophin (Chorulon; Intervet, Holland) and the eggs were collected and fertilized. Embryos were raised in 0.1X Marc's Modified Ringers (0.1 M NaCl, 2 mM KCl, 1 mM MgCl 2 , 2 mM CaCl 2 , 5 mM HEPES, pH 7.5) at 14-25°C. Embryos were staged according to (Nieuwkoop and Faber, 1994) . Animal protocols were approved by the University of Calgary, Faculty of Medicine, Animal Care Committee.
4.2.
Retinal cell culture
Eye primordia from stage 24 embryos were dissected and cultured following the procedure of (Harris and Messersmith, 1992) . Eye buds were incubated in low calcium medium for 20 min, mechanically dissociated, and plated on polyornithine/laminin-coated (Sigma, Aldrich Co.,) coverslips in 35 mm petri dishes containing culture medium. Control cultures were grown in 60% L-15 media with 0.01% bovine serum albumin, while sister cultures were treated with 50 ng/ml human recombinant bone morphogenetic protein-2 (BMP-2) (R&D Systems). The third and fourth groups of sister cultures were treated with 30 mM KCl, and 50 ng/ml BMP-2 and 30 mM KCl, respectively. After 40 h, cultures were fixed overnight in 2% paraformaldehyde (EM Science) at 4°C. Cultures were processed subsequently for immunostaining with a mouse monoclonal antibody against neurofilament associated antigen (NAA; 1:100; Developmental Studies Hybridoma Bank), which identifies RGC and their axons in culture and in vivo (Hocking et al., 2008) . Goat anti-mouse Rhodamine Red X (RRX) secondary antibodies (Jackson ImmunoResearch Laboratories, Inc., West Grove, PA; 1:500) were used, and samples mounted in glycerol with an anti-bleaching agent, polyvinyl alcohol (Sigma). The presence of short, often branched, NAAnegative processes were classified as dendrite-like (as per Hocking et al., 2008) . The percentage of NAA-positive RGC somata with at least one NAA-negative process was determined for the different culture conditions and compared statistically with ANOVA, followed by a Dunnett's post hoc test. Statistical analysis was performed using SigmaStat 3.0 (Systat).
In vivo transfections
Stage 18 neurula embryos had their jelly coats removed with 2% cysteine in 0.1X MMR (pH 8.0). CS2 cDNA constructs were mixed with the cationic transfection agent, DOTAP (Roche) in a 3:1 weight:volume, DNA:DOTAP ratio. This mixture was loaded into a fine-pulled micropipette and pressure injected into the developing eye primodium by using a Picospritzer II (General Valve Company) (Hocking et al., 2010; Holt et al., 1990) . Embryos were left to develop until stage 40, when they were fixed in 4% paraformaldehyde at 4°C. The skin and mesenchyme overlying the forebrain and eyes were dissected away and embryos processed for wholemount immunolabeling. Embryos were first blocked with 5% goat serum and PBT [phosphate buffered saline (PBS, pH 7.4), 1% triton and 1% BSA]. Subsequently, embryos were incubated in primary antibodies diluted in blocking solution overnight at 4°C. Primary antibodies used were 1:500 rabbit anti-GFP (Molecular Probes), and 1:500 of the mouse monoclonal antimyc antibody, 9E10 (DSHB), to visualize the myc-tagged KV channel proteins. Goat anti-mouse (1:500) and goat anti-rabbit (1:500) peroxidase conjugated secondary antibodies (Jackson Immunoresearch Laboratories, Inc.) were applied for three hours at room temperature or overnight at 4°C. Embryos were rinsed, and then incubated in a diaminobenzidine substrate. Transverse sections (50 lm) through the eyes, forebrain and midbrain of embryos were made with a vibratome (Leitz). Sections were processed through a dehydration series and mounted with permount. Digital images of transgene-expressing RGCs were taken with a Spot II digital camera (Diagnostic Instruments) using Spot imaging software. When necessary, dendritic arbors were reconstructed over more than one focal plane, though in general dendritic morphologies were quite simple at stage 39/40. Dendrite lengths were measured using the same software. To correct for minor variations in staging Xenopus eyes, comparisons here, and elsewhere in the manuscript, were always made with yolked controls.
Eye electroporations
In a separate series of experiments, electroporation was used to introduce cDNA plasmids encoding either CS2-GFP alone, or CS2-GFP along with either the human inward rectifying channel Kir2.1 (Marek et al., 2010) or CS2-DNKv1.1 (Ribera et al., 1996) , into the right eye primordium of a stage 28 embryo, as described previously (Hocking et al., 2010) . For CS2-Kir2.1 and CS2-DNKv1.1 transfected retinas, and their GFP controls, embryos were raised to stage 39/40. Alternatively, embryos electroporated with CS2-GFP alone were anaesthetized at stage 33/34, the skin around the electroporated eye loosened by using fine forceps, and the embryos incubated until stage 39/40 either in a control Modified Barth's Saline solution, or in Modified Barth's Saline to which had been added 200 lm NiCl 2 . For both experimental sets, transverse cryostat sections were cut, and the dendrite branching of either GFP expressing and/or myc-immunolabeled RGCs measured in terms of the number of dendritic branch points and the total length of dendritic branches measured on the composite of one to four digital images of slightly different focal planes. C-fos immunoreactivity was assessed in a blinded fashion for the RGC layer in transverse cryostat sections of stage 41 embryos subjected to a light stimulus paradigm shown previously to induce c-fos mRNA (Lan et al., 2009 ). Embryos were electroporated at stage 28 with either CS2-GFP alone, or a combination of CS2-GFP and either CS2-Kir2.1 or CS2-WTKv1.1. Embryos with high GFP expression in the eye at stage 32 were dark-reared for 12 h and then exposed at stage 41 to light for 90 min prior to fixation. Retinal sections were immunostained with a c-fos antibody (Santa Cruz) and the percentage of GFP-expressing cells in the RGC layer that were c-fos immunopositive assessed.
